###### Strengths and limitations of this study

-   Our results may prove useful for designing an effective strategy for managing patients with CKD receiving haemodialysis.

-   This study reflects the variety and severity of each patient and the medical institution situation.

-   We were not able to include other factors that could affect outcome variables in this study as the data used were secondary data based on the NHI claim data.

-   We could not identify whether each patient actually received treatment from specific human resources in each haemodialysis unit.

Introduction {#s1}
============

Since the overall health status of South Koreans has improved due to economic and health technology development during the late 20th century, the elderly population has grown, and South Korea is expected to become an aged society.[@R1] Naturally, health problems related to ageing, such as chronic diseases, have become more prevalent compared with past centuries, leading to a gradual increase in the usage of healthcare due to diabetes and hypertension, as well as problems related to such diseases (hypertension: 27.3% and diabetes: 7.7% among those \>30 years of age in 2013).[@R2] One of these related diseases is chronic kidney disease (CKD), which is defined as a progressive loss of kidney function and generally causes neurological, cardiovascular and digestive symptoms, as well as anaemia or haemorrhage, and in severe cases, death.[@R3]

Patients with CKD receive medical services for preventing comorbid conditions and progression of CKD, including haemodialysis, peritoneal dialysis and kidney transplantation, based on the severity of their CKD.[@R4] Haemodialysis is a common treatment for severe cases of CKD. According to reports by the Health Insurance Review and Assessment Service (HIRA), the number of patients who underwent haemodialysis and the associated average medical cost due to haemodialysis have rapidly increased (56 896 patients in 2009 to 69 837 in 2013; US\$1.1 billion in 2009 to US\$1.4 billion in 2013).[@R7]

Previous studies have found that several factors, such as workload, haemodialysis unit human resources and unit characteristics could reduce the quality of care in managing patients with CKD.[@R8] [@R9] Additionally, as the number of patients receiving haemodialysis increases, the quality of care in providing haemodialysis for CKD is expected to decrease due to the increasing workload. Although the South Korean government introduced healthcare quality assessment for haemodialysis unit resources to improve the quality of care when providing haemodialysis for patients with CKD after 2009, few studies have examined the relationship between haemodialysis unit resources and the quality of haemodialysis care after the introduction of healthcare quality assessment.[@R10] Therefore, concerns remain with respect to optimal care and reduction in the quality of haemodialysis due to hospital competition and overcrowding. We thus focused only on patients with diagnosed end-stage renal disease (ESRD) who received haemodialysis and investigated which factors, including human resources, in each haemodialysis unit were associated with hospitalisation due to ESRD as indicators for quality of care. The results of this study provide important information regarding healthcare quality assessment for haemodialysis and may aid in providing solutions for possible future problems related to the care of patients with ESRD.

Materials and methods {#s2}
=====================

Data source and study population {#s2a}
--------------------------------

We used two data sets from the National Health Insurance (NHI) claim data. The first data set was claim data for 53 583 patients previously diagnosed with CKD (International Classification of Diseases (ICD)-10: N18) who received haemodialysis at medical institutions during October 2013 to September 2014. Given that South Korea introduced the NHI after 1989, these patients could be identified based on the electronic data interchange claim code that was provided during reimbursement for healthcare services. The second data set included claim data regarding medical institution usage due to CKD during October 2008 to September 2013 and claim data regarding hospitalisation due to CKD during October 2012 to September 2013; this data set reflected the severity and duration of illness in patients with CKD receiving haemodialysis. These two data sets were merged for the final analysis to investigate the association between factors including human and medical resources in each haemodialysis unit and hospitalisation. We then excluded patients diagnosed with CKD stages 1--4 to reduce variation between patients and included only patients diagnosed with ESRD (ICD-10-CM: N18.6). Patients with illness durations of \<1 year were also excluded to remove the possibility of including hospitalisation due to arteriovenous fistula formation for haemodialysis rather than to the worsening status of the patient. In addition, we excluded hospitals that did not meet the criteria for haemodialysis machines for patients with hepatitis B, as most hospitals met such criteria (unsatisfied: two hospitals). Ultimately, 4 751 047 outpatient cases of 40 543 patients were included for analysis. The unit of analysis was outpatient cases due to haemodialysis. Since this study used secondary data from the NHI claim data, the requirement of informed consent was waived in the study, as the patient's information was anonymised and de-identified prior to analysis.

Variables {#s2b}
---------

The outcome variable used in this study was whether patients who were previously diagnosed with ESRD were hospitalised by ESRD based on major diagnosis after receiving outpatient care due to haemodialysis. If a patient with ESRD was hospitalised after specific outpatient care for haemodialysis, we assumed that this outpatient care caused the hospitalisation due to the worsening status of the patient with ESRD receiving haemodialysis treatment.[@R11] [@R12]

The exposures of interest in this study were the human resources at each medical institution, listed as follows: the total number of doctors who provided haemodialysis, the proportion of haemodialysis patient care specialists, the total number of nurses who provided haemodialysis and the proportion of nurses experienced in haemodialysis. The total number of doctors or nurses was defined as the actual number of doctors or nurses who provided haemodialysis services for patients with ESRD. The haemodialysis patient care specialists were defined as follows: (1) specialists who were trained as nephrologists among internal medicine or paediatric specialists; (2) specialists who were trained in haemodialysis for more than 1 year after training as internal medicine or paediatric specialists; (3) internal medicine or paediatric specialists who had experience in caring for patients with haemodialysis for more than 3 years. The proportion of haemodialysis patient care specialists was defined as the proportion of such specialists among the total number of doctors who provided the haemodialysis.

We also adjusted for patient and haemodialysis unit characteristics when analysing the relationship between human resources and hospitalisation after haemodialysis. The included patient characteristics were as follows: age, sex, type of insurance coverage, experience of prehospitalisation within 1 year, duration of illness and Charlson Comorbidity Index (CCI). Age was classified as ≤49, 50--59, 60--69 and ≥70 years. Two types of insurance coverage were considered, as defined by NHI: coverage for the general population and coverage for beneficiaries of medical aid (low-income, disabled and elderly patients, who are all provided with free inpatient and outpatient care by the government). Therefore, the type of insurance coverage could represent the socioeconomic status of each inpatient. Prehospitalisation within 1 year was defined as whether a patient was hospitalised due to ESRD during October 2012 to September 2013 to reflect the severity of each patient who was previously diagnosed with ESRD. The duration of illness was defined as the period from the first diagnosis of ESRD and was measured in years. We assumed that patients with a shorter duration of illness could not easily manage their status or were relatively more unstable.[@R13] [@R14] CCI was calculated using all comorbid conditions except CKD on hospitalisation. The data used in this study included the information for a maximum of 10 comorbidities excluding major diagnoses. This information was collected from previous outpatient or inpatient care or their comorbidities when each patient visited the hospital. These comorbid symptoms were weighted and scored with additional points added to consider comorbidities that could affect the outcomes of patients with ESRD.

The included haemodialysis unit characteristics (excluding human resources) included the type of medical institution, presence of a nephrologist, haemodialysis volume per doctor, number of beds, emergency equipment in the haemodialysis unit, fulfilment rate of criteria for duration of water analysis, number of haemodialysis machines and proportion of medical cost due to CKD. Medical institutions were classified as 'general hospital' or 'clinic or hospital'. The variable for emergency equipment in the haemodialysis unit merely indicated the presence of emergency equipment in the unit. The fulfilment rate of criteria for the duration of water analysis was based on whether each haemodialysis unit met the criteria for the frequency of the water analysis. The proportion of medical cost due to CKD was out of the total medical cost of each haemodialysis unit and was included to reflect the expertise in managing patients with CKD in each haemodialysis unit.

Statistical analysis {#s2c}
--------------------

We examined the distribution of each categorical variable by examining their frequencies and percentages and then performed χ^2^ tests to investigate their association with hospitalisation after haemodialysis in patients diagnosed with ESRD. In addition, we performed an analysis of variance to compare the average values and SDs for continuous variables. In order to investigate the relationship between human resources in a haemodialysis unit and the risk of hospitalisation after haemodialysis in patients with ESRD, we performed a Poisson regression analysis using a generalised estimating equation (GEE) model. GEE models with link logit functions that included both patient and hospital characteristics were analysed, as the data used in this study were hierarchically structured and had binary outcome variables. Additionally, to examine the differences in the risk of hospitalisation, we performed subgroup analyses, adjusting both patient and hospital characteristics by the presence of a nephrologist, duration of illness and CCI. All statistical analyses were performed using SAS statistical software, V.9.2.

Results {#s3}
=======

The data used in this analysis comprised 4 751 047 outpatient cases of 40 543 patients. [Table 1](#BMJOPEN2016011319TB1){ref-type="table"} shows the univariate associations between various independent variables including patient and haemodialysis unit characteristics and hospitalisation due to ESRD after haemodialysis. Among 4 751 047 outpatient cases, 27 997 (0.59%) were hospitalised due to ESRD during the study period. Those in the elderly group were more frequently hospitalised after haemodialysis than all other age groups. Outpatient cases among those with medical aid also more frequently involved hospitalisation than other cases (NHI 0.57%, medical aid 0.65%), and outpatient cases among those with prehospitalisation history within 1 year more frequently involved hospitalisation than other cases (yes 0.89%, no 0.41%). In addition, patients with a shorter duration of illness were more frequently hospitalised after haemodialysis than those with a longer duration of illness. Regarding haemodialysis unit characteristics, cases in general hospitals more frequently involved hospitalisation due to ESRD than cases in clinics or hospitals. Furthermore, cases in haemodialysis units with a nephrologist more frequently involved hospitalisation than cases in haemodialysis units without a nephrologist. The average number of total doctors in each haemodialysis unit was higher in hospitalisation cases, whereas the average number of total nurses, the proportion of haemodialysis patient care specialists and the proportion of nurses with haemodialysis experience were lower in hospitalisation cases. The average values of haemodialysis volume per doctor were also lower in hospitalisation cases. In addition, the average value for the proportion of medical cost due to CKD was lower in hospitalisation cases ([table 1](#BMJOPEN2016011319TB1){ref-type="table"}).

###### 

General characteristics of the study population and haemodialysis units by hospitalisation after haemodialysis

                                                               Hospitalisation after haemodialysis (N=4 751 047)                                   
  ------------------------------------------------------------ --------------------------------------------------- --------- ----------- --------- ----------
  *Patient characteristics*                                                                                                                        
  Age (years)                                                                                                                                      
   ≤49                                                         4124                                                0.41      1 011 407   99.59     \<0.0001
   50--59                                                      6743                                                0.52      1 278 756   99.48     
   60--69                                                      7889                                                0.63      1 241 225   99.37     
   ≥70                                                         9241                                                0.77      1 191 662   99.23     
  Sex                                                                                                                                              
   Male                                                        15 815                                              0.58      2 719 129   99.42     0.0003
   Female                                                      12 182                                              0.60      2 003 921   99.40     
  Type of insurance coverage                                                                                                                       
   NHI                                                         20 734                                              0.57      3 621 256   99.43     \<0.0001
   Medical aid                                                 7263                                                0.65      1 101 794   99.35     
  Experience of prehospitalisation during 1 year                                                                                                   
   Yes                                                         15 647                                              0.89      1 743 611   99.11     \<0.0001
   No                                                          12 350                                              0.41      2 979 439   99.59     
  Duration of illness (years)                                                                                                                      
   2--3                                                        2816                                                0.73      381 554     99.27     \<0.0001
   3--4                                                        3624                                                0.68      529 343     99.32     
   4--5                                                        3154                                                0.65      483 078     99.35     
   5--6                                                        3806                                                0.65      581 142     99.35     
   \>6                                                         14 597                                              0.53      2 747 933   99.47     
  CCI                                                                                                                                              
   0                                                           3351                                                0.42      797 328     99.58     \<0.0001
   1, 2                                                        12 579                                              0.58      2 173 291   99.42     
   3, 4                                                        9824                                                0.70      1 385 868   99.30     
   5+                                                          2243                                                0.61      366 563     99.39     
  *Haemodialysis unit characteristics*                                                                                                             
  Type of medical institution                                                                                                                      
   General hospital (N=234)                                    15 137                                              0.82      1 825 112   99.18     \<0.0001
   Clinic or hospital (N=395)                                  12 860                                              0.44      2 897 938   99.56     
  Presence of nephrologist                                                                                                                         
   Yes (N=114)                                                 8815                                                0.79      1 102 400   99.21     \<0.0001
   No (N=515)                                                  19 182                                              0.53      3 620 650   99.47     
  Total number of doctors who provided haemodialysis           1.99                                                ±1.57     1.83        ±1.40     \<0.0001
  Proportion of haemodialysis patient care specialists         83.59                                               ±33.80    84.10       ±33.09    0.0107
  Total number of nurses who provided haemodialysis            10.84                                               ±6.85     11.10       ±7.04     \<0.0001
  Proportion of nurses experienced in haemodialysis            74.53                                               ±17.09    75.22       ±16.65    \<0.0001
  Volume of haemodialysis per doctor                           1.77                                                ±0.97     1.97        ±1.06     \<0.0001
  Number of beds                                               330.98                                              ±382.58   246.18      ±375.48   \<0.0001
  Emergency equipment in haemodialysis unit                                                                                                        
   Yes (N=573)                                                 26 483                                              0.59      4 469 487   99.41     0.1794
   No (N=56)                                                   1514                                                0.59      253 563     99.41     
  Fulfilment rate of criteria for duration of water analysis   90.74                                               ±19.81    90.31       ±19.93    0.0004
  Number of haemodialysis machines                             34.40                                               ±18.18    34.36       ±18.70    0.6967
  Proportion of medical cost due to CKD                        37.85                                               ±38.61    53.05       ±40.71    \<0.0001
  Total                                                        27 997                                              0.59      4 723 050   99.41     

CCI, Charlson Comorbidity Index; CKD, chronic kidney disease; NHI, National Health Insurance.

[Table 2](#BMJOPEN2016011319TB2){ref-type="table"} shows the results of the Poisson regression analysis using the GEE model to investigate the relationship between human resources and risk of hospitalisation due to ESRD. The age of the patient correlated with the risk of hospitalisation due to ESRD. Additionally, an analysis by type of insurance coverage indicated that outpatient cases of medical aid beneficiaries were associated with the risk of hospitalisation due to ESRD more so than other types of insurance coverage (relative risk (RR) 1.334, 95% CI 1.281 to 1.389; ref.=NHI). In addition, patients who experienced prehospitalisation within 1 year were associated with the risk of hospitalisation (RR 1.837, 95% CI 1.773 to 1.903). CCI also tended to increase with the risk of hospitalisation due to ESRD, although this correlation was not statistically significant. Regarding haemodialysis unit characteristics, a higher proportion of haemodialysis patient care specialists and a higher number of total nurses who provided haemodialysis were inversely associated with the risk of hospitalisation (proportion of haemodialysis patient care specialists, per 10% increase, RR 0.987, 95% CI 0.981 to 0.993; number of total nurses who provided haemodialysis, RR 0.876, 95% CI 0.833 to 0.921). A higher proportion of medical cost due to CKD among total medical costs in each haemodialysis unit was inversely associated with the risk of hospitalisation (RR 0.924, 95% CI 0.915 to 0.933; [table 2](#BMJOPEN2016011319TB2){ref-type="table"}).

###### 

Risk of hospitalisation after haemodialysis by patient and haemodialysis unit characteristics

                                                                                   Hospitalisation after haemodialysis                    
  -------------------------------------------------------------------------------- ------------------------------------- ---------------- ----------
  *Patient characteristics*                                                                                                               
  Age (years)                                                                                                                             
   ≤49                                                                             1.000                                 --               −
   50--59                                                                          1.205                                 1.090 to 1.332   0.0003
   60--69                                                                          1.455                                 1.317 to 1.608   \<0.0001
   ≥70                                                                             1.732                                 1.560 to 1.921   \<0.0001
  Sex                                                                                                                                     
   Male                                                                            1.000                                 0.966 to 1.035   0.981
   Female                                                                          1.000                                 --               
  Type of insurance coverage                                                                                                              
   NHI                                                                             1.000                                 --               −
   Medical aid                                                                     1.334                                 1.281 to 1.389   \<0.0001
  Experience of prehospitalisation within 1 year                                                                                          
   Yes                                                                             1.837                                 1.773 to 1.903   \<0.0001
   No                                                                              1.000                                 --               −
  Duration of illness (years)                                                                                                             
   2--3                                                                            1.000                                 --               −
   3--4                                                                            0.983                                 0.918 to 1.052   0.6158
   4--5                                                                            0.987                                 0.917 to 1.063   0.7342
   5--6                                                                            1.018                                 0.948 to 1.094   0.6185
   \>6                                                                             0.911                                 0.860 to 0.965   0.0016
  CCI                                                                                                                                     
   0                                                                               1.000                                 --               −
   1, 2                                                                            1.058                                 0.955 to 1.173   0.2811
   3, 4                                                                            1.065                                 0.956 to 1.186   0.2549
   5+                                                                              1.104                                 0.982 to 1.241   0.0981
  *Haemodialysis characteristics*                                                                                                         
  *Type of medical institution*                                                                                                           
   General hospital (N=234)                                                        1.000                                 --               −
   Clinic or hospital (N=395)                                                      0.940                                 0.869 to 1.017   0.1220
  Presence of nephrologist                                                                                                                
   Yes (N=114)                                                                     0.982                                 0.936 to 1.029   0.4429
   No (N=515)                                                                      1.000                                 --               
  Total number of doctors who provided haemodialysis (per 10-doctor increase)      1.001                                 0.973 to 1.030   0.9541
  Proportion of haemodialysis patient care specialists (per 10% increase)          0.987                                 0.981 to 0.993   \<0.0001
  Total number of nurses who provided haemodialysis (per 10-nurse increase)        0.876                                 0.833 to 0.921   \<0.0001
  Proportion of nurses experienced in haemodialysis (per 10% increase)             0.993                                 0.983 to 1.003   0.1576
  Volume of haemodialysis per doctor                                               0.963                                 0.936 to 0.992   0.0115
  Number of beds (per 10-bed increase)                                             0.999                                 0.998 to 1.000   0.1065
  Emergency equipment in haemodialysis unit                                                                                               
   Yes (N=573)                                                                     1.000                                 --               −
   No (N=56)                                                                       0.930                                 0.856 to 1.011   0.0882
   Fulfilment rate of criteria for duration of water analysis (per 10% increase)   0.978                                 0.969 to 0.987   \<0.0001
   Number of haemodialysis machines (per 10-machine increase)                      1.046                                 1.029 to 1.063   \<0.0001
   Proportion of medical cost due to CKD (per 10%)                                 0.924                                 0.915 to 0.933   \<0.0001

CCI, Charlson Comorbidity Index; CKD, chronic kidney disease; NHI, National Health Insurance; RR, relative risk.

We also performed a subgroup analysis to examine differences in relation to the risk of hospitalisation by duration of illness, CCI and presence of a nephrologist at the haemodialysis unit. A higher proportion of haemodialysis patient care specialists were more inversely associated with the risk of hospitalisation in the presence of a nephrologist at the haemodialysis unit; however, a higher number of total nurses were more inversely associated with the outcome variable in the absence of a nephrologist at the haemodialysis unit. By duration of illness, a higher proportion of haemodialysis patient care specialists and a higher number of total nurses who provided haemodialysis were inversely associated with the risk of hospitalisation in both groups, and the magnitude was also similar. Similar results were also obtained in the subgroup analysis by CCI, although a higher number of nurses were more inversely associated with the risk of hospitalisation in cases with a CCI of more than 3 ([table 3](#BMJOPEN2016011319TB3){ref-type="table"}).

###### 

Subgroup analysis by presence of nephrologist, duration of illness and CCI\*

  Subgroup                                                                    Variables                                                                     RR                                                                            p Value   
  --------------------------------------------------------------------------- ----------------------------------------------------------------------------- ----------------------------------------------------------------------------- --------- --------
  Presence of nephrologist                                                    Yes                                                                           Total number of doctors who provided haemodialysis (per 10-doctor increase)   1.023     0.2614
  Proportion of haemodialysis patient care specialists (per 10% increase)     0.970                                                                         0.0062                                                                                  
  Total number of nurses who provided haemodialysis (per 10-nurse increase)   0.901                                                                         0.0045                                                                                  
  Proportion of nurses experienced in haemodialysis (per 10% increase)        0.991                                                                         0.3602                                                                                  
  No                                                                          Total number of doctors who provided haemodialysis (per 10-doctor increase)   0.980                                                                         0.3125    
  Proportion of haemodialysis patient care specialists (per 10% increase)     0.989                                                                         0.0005                                                                                  
  Total number of nurses who provided haemodialysis (per 10-nurse increase)   0.864                                                                         \<0.0001                                                                                
  Proportion of nurses experienced in haemodialysis (per 10% increase)        0.994                                                                         0.3191                                                                                  
  Duration of illness (years)                                                 ≤5                                                                            Total number of doctors who provided haemodialysis (per 10-doctor increase)   1.016     0.4756
  Proportion of haemodialysis patient care specialists (per 10% increase)     0.986                                                                         0.0016                                                                                  
  Total number of nurses who provided haemodialysis (per 10-nurse increase)   0.880                                                                         0.0009                                                                                  
  Proportion of nurses experienced in haemodialysis (per 10% increase)        0.996                                                                         0.5596                                                                                  
  6+                                                                          Total number of doctors who provided haemodialysis (per 10-doctor increase)   0.986                                                                         0.4495    
  Proportion of haemodialysis patient care specialists (per 10% increase)     0.989                                                                         0.0078                                                                                  
  Total number of nurses who provided haemodialysis (per 10-nurse increase)   0.879                                                                         0.0002                                                                                  
  Proportion of nurses experienced in haemodialysis (per 10% increase)        0.990                                                                         0.1702                                                                                  
  CCI                                                                         0, 1, 2                                                                       Total number of doctors who provided haemodialysis (per 10-doctor increase)   1.008     0.6615
  Proportion of haemodialysis patient care specialists (per 10% increase)     0.987                                                                         0.0021                                                                                  
  Total number of nurses who provided haemodialysis (per 10-nurse increase)   0.889                                                                         0.0003                                                                                  
  Proportion of nurses experienced in haemodialysis (per 10% increase)        0.993                                                                         0.3201                                                                                  
  3, 4                                                                        Total number of doctors who provided haemodialysis (per 10-doctor increase)   0.998                                                                         0.9370    
  Proportion of haemodialysis patient care specialists (per 10% increase)     0.987                                                                         0.0036                                                                                  
  Total number of nurses who provided haemodialysis (per 10-nurse increase)   0.856                                                                         \<0.0001                                                                                
  Proportion of nurses experienced in haemodialysis (per 10% increase)        0.989                                                                         0.1336                                                                                  

\*This table shows the results of subgroup analyses of the relationship between human resources and the risk of hospitalisation according to the presence of a nephrologist, duration of illness and CCI. In this analysis, we adjusted variables such as age, sex, type of insurance coverage, experience of prehospitalisation within 1 year, duration of illness, CCI, type of medical institution, presence of a nephrologist, haemodialysis volume per doctor, number of beds, emergency equipment in the haemodialysis unit, fulfilment rate of criteria for duration of water analysis, number of haemodialysis machines and proportion of medical cost due to CKD. We marked the results with statistically significant values using shadowing.

CCI, Charlson Comorbidity Index; CKD, chronic kidney disease; RR, relative risk.

Discussion {#s4}
==========

Since the late 20th century, new problems related to chronic diseases have rapidly emerged in South Korea. The prevalence of hypertension and diabetes, along with their associated diseases such as CKD, has gradually increased.[@R15] [@R16] Concerns regarding the quality of care in managing patients with CKD have been raised, and to solve and prevent these issues, the South Korean government introduced healthcare quality assessment for human and medical resources regarding haemodialysis.[@R10] Nevertheless, the reduction of quality of care and the worsening status of patients diagnosed with CKD continue to be debated. Therefore, we set out to investigate the relationship between hospital resources, particularly human resources, and the risk of hospitalisation in patients with ESRD, which was assumed to be indicative of worsening patient status due to a reduction in quality of care.

Our findings suggest that outpatient care for haemodialysis at haemodialysis units with superior human resources, such as a higher proportion of haemodialysis patient care specialists and a higher total number of nurses who provide haemodialysis, was positively associated with better health outcomes in managing patients with CKD needing haemodialysis. Although previous studies show similar results to those reported in this study, such as better outcomes being associated with better haemodialysis unit resources, ours is one of only a small number of studies conducted after the introduction of healthcare quality assessment.[@R17]

In South Korea, HIRA has evaluated the structure, process and outcome indicators of haemodialysis for each haemodialysis unit through healthcare quality assessment, and has provided adjustment payments to medical institutions that were placed in the upper 10% or were of lower quality based on the evaluation results from 2009. Given the positive impact of superior human resources on patient outcomes as shown in our study, our findings provide helpful information for healthcare quality assessment of haemodialysis due to CKD. However, we found that the total number of nurses who provided haemodialysis had a positive association with patient outcomes in this study, despite its exclusion from the evaluation criteria used in healthcare quality assessment. Therefore, on the basis of our results, health policymakers should consider these criteria in healthcare quality assessment, as well as the weight of each factor during evaluation. In addition, vulnerable patient groups, such as those receiving medical aid and the elderly, were negatively associated with healthcare outcomes after haemodialysis due to ESRD, suggesting an imbalance between the ability to pay and copayment of healthcare services.[@R20] Similarly, healthcare professionals also assert a need to relax copayment for vulnerable populations.[@R21] Thus, support for vulnerable populations should be afforded careful consideration by health policymakers. There was also an inverse association between the proportion of medical cost due to CKD and the risk of hospitalisation, which may have been due to the specialty differences of each medical institution. Similar results were obtained in previous studies, suggesting a positive function for specialty hospitals in South Korea.[@R22] Therefore, healthcare professionals should consider increasing their specialties, and policymakers should consider designating additional specialty hospitals for haemodialysis.

Our subgroup analysis also showed interesting results related to efficiency issues. There were several differences in the relationship between human resources and the risk of hospitalisation after haemodialysis due to ESRD. The positive impact of better human resources was greater in patients with a more severe condition, as evidenced by CCI. Thus, the worsening status of a severely ill patient could be more effectively managed by better haemodialysis unit characteristics, such as better staffing. However, the role of each human resource differed at each haemodialysis unit on subgroup analyses according to the presence of a nephrologist. These results suggest that a haemodialysis patient care specialist could be a viable alternative if a haemodialysis unit does not have a nephrologist. Therefore, the importance of professional manpower is also effectively evaluated in establishing a health policy regarding the management of patients with CKD.[@R23]

These findings have many strengths compared with previous studies. First, the data used in this study were NHI claim data, which included all patients with ESRD in South Korea who received haemodialysis during a 1-year period. Thus, our findings have external validity and would most likely be helpful in establishing evidence-based health policies related to CKD. Second, to the best of our knowledge, ours is the first South Korean study to investigate the relationship between human resources, such as haemodialysis patient care specialists and nurses experienced in haemodialysis, and the risk of hospitalisation as indicators of health outcomes in patients with ESRD receiving haemodialysis after the introduction of healthcare quality assessment for haemodialysis. Therefore, our results may prove useful for designing an effective strategy for managing patients with CKD receiving haemodialysis. Third, we included both patient and haemodialysis unit characteristic variables in this study. Therefore, this study reflects the variety and severity of each patient and the medical institution situation, reducing the limitations of secondary data.

Our study also has several limitations. First, in managing patients with ESRD who needed haemodialysis, there are many factors, including the type of vascular access, laboratory data (eg, serum albumin, haemoglobin), adherence to medical therapy (particularly haemodialysis sessions), more detailed quality indicators and clinical conditions, which can also affect the outcomes of patients with CKD according to previous studies.[@R24] However, we were unable to include these factors in this study, as the data used were secondary data from the NHI claim data. In addition, detailed information, such as procedures or medications provided to patients with haemodialysis, was not included in this study. Moreover, owing to the nature of the claim data, we could not identify whether hospitalisation was due to haemodialysis, as each hospitalisation was recorded based on the major diagnosis. Therefore, although we assumed that a patient who received haemodialysis progressed to hospitalisation due to ESRD, this hospitalisation might have been caused by a worsening status after haemodialysis. Therefore, more detailed studies are needed. Second, the study period was relatively short (1 year), and we excluded patients with an illness duration of \<1 year, as patients in the early stages of ESRD could have been hospitalised due to arteriovenous fistula formation from haemodialysis. These problems arose from difficulties in accessing patient information due to primarily ethical issues, as we needed to effectively extract patient information samples from the NHI data. Unfortunately, we were unable to obtain such details. Therefore, to avoid including uncertain causes of hospitalisation (eg, worsening status, arteriovenous fistula formation), we excluded these patients from this study. Third, we considered human resources as independent variables of major interest in this study; however, we could not identify the specific human resources used in the treatment of each patient at each haemodialysis unit due to data limitations. Fourth, to reflect the hospital and patient characteristics in this study, we included variables such as structural characteristics and severity indicators of each patient. Nevertheless, there were several other factors that could have affected the risk of hospitalisation. However, we were unable to consider more detailed variables due to data limitations. Finally, in South Korea, the criteria for physicians who were permitted to provide haemodialysis contrasted with the regulations of certain other countries that permit only nephrologists to perform haemodialysis. Therefore, the relevance of our findings may be limited to South Korea and may not be generalisable to other countries.

Despite the above limitations, our findings suggest that better human resources, such as specialists and nurses experienced in haemodialysis, could positively affect outcomes in patients who receive haemodialysis. In particular, these associations were greater in patients in a clinically vulnerable population, and the role of human resources differed depending on haemodialysis unit characteristics, such as the severity of patients. However, improving hospital staffing to reduce the risk of hospitalisation in such patients would not be an optimal alternative in terms of cost-effectiveness, even if there were many concerns about medical costs related to CKD. Therefore, more detailed studies are needed in the future. On the basis of these findings and further studies, health policymakers and healthcare professionals should establish an effective health policy for the appropriate management of patients needing haemodialysis due to CKD.

Conclusions {#s5}
===========

Our findings suggest that outpatient care for haemodialysis at a haemodialysis unit with superior human resources, such as a higher proportion of haemodialysis patient care specialists and a higher number of total nurses who provide haemodialysis, is positively associated with better health outcomes in the management of patients with ESRD receiving haemodialysis. On the basis of our findings, health policymakers and professionals should endeavour to implement strategies for the optimal management of patients with CKD.
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